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Ste20
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Far1
nucleotide−excision
repair factor 1
complex + Msh2
except: Snx41 (transport at Golgi), Eeb1 (function: unknown)
vesicle−mediated transp.
function: negative reg. of meiosis
histone deacet. complex (part)
(5 of 6 total in the genome included here)
Kap60,95:
protein carriers in the nucleus
cAMP−dep. protein
kinase complex
and its regulator
phosphorilation
Yck1: casein kinase,
prot. phosph. type 2A complex
+ putative member (Rts3)
common biological process
bipolar bud site selection
of Rsr1 and Sec15:
and its
assembly (part)
septin ring (part)
silencing
complex (part)
chromatin
Zds1,2: chromatin silencing, cell polarityVps29
Vps5
retromer complex
Vps26
Vps17
HOPS complex + Vps8
Msh2
Vps8
Rad10
Rad1
Rad14
Vps35
Vps11
Vps16
Vps39
Vps18
Vps33
Vps41
establ. of cell polarity
(6 of 103 total in the genome)
and Far1 (cell−cycle arrest)
establishment
of cell polarity
(10 of 103 total in
the genome) and
Csm1 (DNA repl.)
network of yeast PPI modules enlarged portions of the network of modules
(a) (e)(b)
(c)
(d)
node: module of proteins, link: overlap of modules marked: single proteins (function prediction) and groups (anticipated new modules)
VuLKyAD@IH
%S,
ç
ú|òüýþï=øùßﬂgòêíõﬀúüëP÷ﬂñXø Xêìñé$üÂéïrðï=öß k è éwêíëìéwéîMï}ðÎéñêóòô}ëíõﬀö÷,õùøXöú}ï}ðÎðïrêJúrñ	Xñ%öûíüñüüýþï?}ð

ï
ô}öñîMñﬀðüÎñﬀö Xêìòöñéöð

øXú}õ}êìïröúÆüÎßa%cb;dTef#gf#hiﬃj=i'kf,|ýþï#?}ð

ïÆè^ýþï#?rð

ïé	(êóô}ö(	?üÎòﬀöëIgòêíõﬀúJü¿ò	.
ç
úlﬀø?JüÎñé
ýþñðÎð¿òö?mABJüﬀöïñýnC7ﬀüÎï}ðﬀô[üÎë!?
EPðÎñüÎï}ëgöoWqpNYZB%:ùèÌø,
ç
úÂëóö÷ﬂïrðü!ý ï?}ð

ïRéñ÷,îXêìï-Vwè^ïréQú}ñ	gñﬀöû ü¿òöò|üLXêr k è
éwêìëíéwéîMï}ð¿ôÎéñﬀêìòﬀôÆëìõﬀöP÷,õùøgöú}ïrðüsFöú#gòêìõKts3Hëgøùï}ð'éﬀï}ðï=ößﬀîXðÎñ
ð÷u
éwðüï=öúBXñﬀú}úrò±ï
	,ëóö÷ﬂïrðüô}öñîMñﬀðüXñú
ï#
÷K
,ëóö÷,ï}ðÎïÆüÎêíïÍý: ?Xéﬀô}ëíõ

L-ýþï#?rð

Æüﬀ%'vö2Fp?)?w`îgöx,-)÷,ï}ê"Xï}é|û!
Qﬂý: ?Xéﬀô}ëíõ



õﬀöñêJüÎõy%ï,
ç
ýþï#}ð

ïÆè
ýþï#}ð

ïé	(ﬀêìôrö2(?üÎòöë"gòêíõﬀúü`÷,ñùø Xê

ëétð=öúrêíï}üïrö`ï}êìï}÷,ú#=öïIúIúrñ	Xñ%öH÷,ñùø gêíñﬀéOFöñðÎñêíüHýþï?}ð

}étëóö÷ﬂïrðü
ý: ?gô¿éwëíõﬀëéQ wëìúrö
ﬀòêﬃJü¿ò $êZ
ç
ú±ògðÎò	Í÷G ùüJüÎñüü&ö(üÆüÎé	}éQrö&ö2(üÆüð,ô}öñîMñﬀðü'ýþï#?rð

rëíïXéÍêìï#


ï}êìï#%üß%öï?
é	(ﬀú#(ﬀözý: ?gô¿éwëíõ

Kﬂöï

üÎîMñêﬃðÎë ü¿òöê!}üðÎï#Xñﬀúròﬀö?nv ë ï}êCïrú}ï#8týþï}êﬃø?üñ	8úBrêíï=öú}üß,öï

üMï#-öúròúýþï}êìïÆüüëCýþï?}ð

ï
øùñﬀêíñ
ú}ëìé;)wï}ú}ðüIﬂé	Æü!éwëìï}÷,ï}êíü&ô}öñîMñðü& $êíõ%öúrû!"Xêìï#
K,öï

üîMñêﬃðÎëíüÎòﬀöê!}üðÎï#XñﬀúròöÎògòêCöîMïrôÆëóòêìëóö	?.)wï=øXøùë
,÷K#

ëóö÷,ïrðïÆüÎêìï#Łð=öú}ýþï}êﬃø?üñüs #
ïrú	
ç
úRògðﬂòü 	ÆüÎï}ê<W z$Ybî? ?XêìëìéJòô}ëíõMõêZ
D=e;Z,5 :=<%8KÌ>=;pﬀDŁZ^pﬀ>={;Z\>=x;EiAp%B:=<%LMqI vrpﬀZ^p%iHZ^pﬀf
1 500
p%Z\pﬀ>=>|gIMi'5 6AD=8Mf;D@IMq8M>`IM:=<ﬀi`LMZÓv=LMB69]%Z
?`LMFHZu:r>JIg>@E^:r<ﬀ>=E^BGFA:`<ﬀE^BgIKEÎNK:=<%8bﬀE^8Mqp>@D=E^IMENg:=<ﬀp%D};p%<%pﬀ>rpÆvrZ^pﬀ:=<ﬀ>=]%:=EÎNC:r<%{ù;p%f;pﬀZ^pﬀq<ﬀ]%:=ENJ{ﬀ?`IK>@IŁqE^iHE^iHfJ{
IM?AIK>@y`LKiGsCLM:r<wIK>=EÌﬂ]ﬀ:|yAE\8;E^iu8;D=qIK>=E\BXIMEBM]ﬀD=?A]ﬀ:=p%B`LKZ^e;<%IK>@E'IMZ^IM6AuE\<%:rfCLMZ^IK>JLMD=IH
×¦¿¥,¦ |Í°ßÍ´'ÐO}G´'©ÇàJªŁµÍ©RÃ¾ÆÛ9}G­RµÍ¬R©~}GÛR®u¹Æ­R®b¬ ´®TàJ°ßÍ´'ÐO}G°RgàJ°ßÍ´'ÐO}G° ©RÁR¹}Ãz®bÁ±µÍßŁ¬B
«H­R®b¾h«u´'ÐH©R´'·°'© ©R´®b²Þ¿«u´®u°åßŁ­R¹ÆÛR²¬«u¾Ú¸Å³ÍªŁ¹ÆÅÂ© ®b°ÜRÞ¿«H®b´ÜR´'Ò±°¹
5Ł<hpﬀZ^qmAZ>|iA]ﬀ`LMiCsË]G>@E^<ﬀp%?Ay9pﬀiI#q8;Z\p%BGFAZ LKD=E:|yAE\8;Z^eMf;E\IMEq]%Dr]%:rEqeb?A:=<ﬀp%D=pﬀB+fMs;8;D=:|pÆvrZ\xb?A]%:rp%i
qp%iG>=p%B.BMp%Drp%:=<>@AZT4Í8MD@LMyAyAIMi p%fKsG¿p%fKsÄq]%D=]ﬀ:=y9pﬀiÈLMZ>JIMZ^LMyAIMiÄIäuE\<%:rfCLMZ>8;Z\sCIKq#Ig>iA]%ALMiGs
D=]ﬀ:=<ﬀ>r;pﬀ;xgvr]%iAp%B.69]%Z\?`LMFAZp%A]ﬀDvr]ﬀiAp%Bu
IM<IM<ﬀ8;iA8;:r\>JLK:@I]%:
BM{X;p>@]ﬀ:=p;8MZ\>
I%]ﬀZÎŁIM6bv=IME\iABGy`IMi
qLMDKIMiZ^p%Hpﬀ>@xM:=]%f|>@{;yHyhpﬀ<%pﬀD1BGAZ\{;iby9{M<%x{ﬀ]%6H\>@xbpﬀZ^pﬀq{f;]%iNKpﬀA]%DÌvrpùbE^:rp%Z\BMp%?A]ﬀ:=]ﬀiAp%BpﬀfMsbH>=>=p%:
bE^<ﬀ:=fCLMZ^IK>JLKD@IE^:ﬀ _RfKs.IM?H8M>=>:rpÆv}>r>@^6HFA:=y`IKiÄIp%A]ﬀDvr]%BÈﬀ:=Aﬀ:=698;iC>@8;Bu]%:IM<{;:=:r<%pﬀ:bE^<ﬀ:=fCLKZ\>
BG^:=]ﬀD=Z\pﬀ>=E
BM{;DrAZ^q]%iCsd:=8;D=LMi D=pﬀf;E^:r<ﬀ>@D=LMZ\>`<ﬀE^BXIME7_KBM]ﬀqE^IMEŁBgIM69ﬀ:=8;Z^IK>]%Z ?ApﬀAiAE LMZÓv=IÏIÏp%A]ﬀDvrp
p%H]%DvrpBM{;Z\%:r{;iA`IK>@LM:=EŁf;D@Lg8M>wT_ÂyAy9p%i If;D=LKy`IMidI¯q8b?AFAZ\8;BÏp%fMsbqLM:=A8M<:=ADrAiÈBXIM69%:r8;Z\>
698;iC>@8;B¯ﬀ:=8;698;D}>v=IME\BM]%iC> vrp%Z\p%iAiApﬀBÏqp%fHÂD=?ApﬀBMp%:%NA8;fMs¯p%<%pﬀB.I½q8b?AFHZ^8;BÝiApﬀq Hf;f;pﬀ>=Z^pﬀiAp%B
p%fKsuqLM:}>@e;Zl sCIKBM8;D=ENA8;fMsËBM]>
q8b?HFAZ^i`IKB+:=<%LMq8;:Łp%A]ﬀDvr][vrp~gIMfMsIMBgLMD-iAIMfMs;8;yAyIMZ^pﬀfMsb:=]ﬀf;p
IM<ﬀ8;iA8;:ﬀ
5yzp;p%<ﬀpﬀ>@p>=>
k
¿BGZ^E^BGB|69p%DrBM8;Z LK%E\e;:'qeb?A:=<ﬀp%D:=pﬀf;\>=:=]ﬀf;]ﬀ;pﬀZbIK<%8;iH8;:=>@8M>r>@FAiABŁI,:@IMDÌv=IM?A<ﬀe]%Z\p%:=<>@x
z9%pﬀD=pﬀbE\:=E IKpù|p%fKsu:rpÆv}>=:=<ﬀp%DrMp%<%pﬀ> p%H]%Dvrp¿pﬀA]%DÌvrp~BK{;Z^ﬀ:={;iAAIK>JLM:rE`LMZ\e;<wIg>JLMi`IKBq8b?AFAZÓv=IME>|]%:
I#q8b?AFAZ\8;ByAE\8;Z^eMf;E^IKE:=<ﬀp%D=pﬀ69]ﬀ>Z\?'-VuŁLMyAD=ICÍ5 q8b?AFAZ^8MBvrp%Z^pﬀiG>=x;:Ł:rp%f;>@:=]ﬀf;p> iCsuXv}>JIMi`IKB5
`LMZ\e;<wIg>@EHq8b?HFAZ^8;B:=p%fM\>@:r]%f;];p%ZPqp%fwvre;:r8;Z\>=FAB:=<%LMq8;:%NGE\:=qp%Drpﬀ>@Z\p%imFAiABM%E\egvrp%A]ﬀDvrp:=<%pﬀD=pﬀ69]ﬀ>w
3&8XKLKyAy`LmIK<%8;iH8;:=>@8M>r>@FAiAB~BM8MD@LMyAyAIMi#E^:=qpﬀD=pﬀ>=Z^pﬀi`LMZ\e;<wIg>@E`q8b?HFAZ^8;BXIK>wNGIMqp%Z\s;pﬀBGiAp%BIDr]%:r<ﬀ>=;p
;x;E|p%H]%Dvr]ﬀBu KIKZ^e;:r<%\ibAZ\p%f+IM<ﬀ8;iA8M:%N&:=69p%ﬀE LMZ\E^: yHE^8;Z\e;f;E\IME&p%Z IK?`IK>
pﬀZ\;]%fM<%]ﬀ:=p:=8;D=LMiäpﬀfMsbH>=>=qmu
BM{b?AiApﬀBPÝ5>JIKZ LMZ>q8b?AFHZ^8;B½IM<IMZ^IM6ABGFH>@IK>JLM:h:r<wLMqLMD@IËgvhqmABM{b?A]ﬀ:=E,pﬀZ\;pﬀBMpﬀ>~>JLMDr`IK>=i`IMB½pﬀZÎN
]%:
IfMs;e;fKsCLM:=<%IK>@EIMZ^BXIMZ^qIK<wLK:=8;B:=<%LMq#LKD@II698M>=p%iAﬀE LKZ^E\:Łﬀ]%Z^698MiG>-p%H]%Dvr]ﬀBMp%i>@AZ1%]ﬀZ^698MiG>@BM]ﬀiG>

q8b?HFAZ^8MBgIK>E\:BbEÓvrp%Z\{;Z\Apﬀ>=iAp%BP
×¦×¦ Ê­R¹ÆÛR²¬«u¾Ú¸ÅÂ«uÞ[ÒªŁÚ¸ÅR© ´®}G°¹}àJ°¹Æ³ÍÅ±¹ÆÜRÅR²­R®7´¹Æ°®u²P«Háã«bÐA¬RµŁ®b²z©ﬂÐA¾[·Ã¾}Û
®u²z¬Â»-­R¹[º±ÅR²­R®b¾ßŁ­R¹ÆÛ±²z¬«H­Â»Ł¬Rµ
5Ł<~p%Z\qmAZ\>Ł]ﬀG>@E\<%pﬀ?Ay9p%iäIq8;Z^pﬀBbFHZ LMDrE\:ŁyAE\8;Z^eMf;E\I#pﬀfMsbE^BZ^p%fMfMs;8;Dr:@IMyAyAIMip[vrZ^xb?Ax#>@p%DrAZ^p>@pI:=pÆvÆ
>@pﬀBby9pﬀip%Z\E^:=qp%D}>IKZ^BM8M>=ebp%Z\p%qp%BBM{;<%{K>=>@E:=<%IMy`LMZs;8;<%LM:=E'BXIM69%:r8;Z Ig>@8;BpﬀZ\>JLKD@LM:=IH5Í<-8;Z\sCIKq#IK>=8M:
qmABM{b?A]ﬀ:&pﬀiAiG>@IMDr>@LM:@IgIMZ IKqE\iC>&I:=8MBG]ﬀZ^p±y9pﬀZ^:=x|]%:&BGAZ^:rxÍBM{;DriGs;p%<ﬀpﬀ>=EbKLKZ\>@8M<wLM:rD@I|IM?AIMiA?AeKLMZ^IM:=<
IMZ\BgIMZ\qIK<%BM8b?`LM:@BGE^IMZ IKBb>JLK:@IqE\iA?Ap%iË:rpÆv}>=y9p%i{;:=:r<%pﬀ>=pﬀ>r>ﬂvrpﬀZ LK>ruE>@pﬀZ^E]%:Ł:=<%IMy`LMZs;8;<wLK:=EH>=;8Mi`Ig
Z IKB`IM:r<%i`LKZ IK>@LK>>@pﬀ:=<ﬀEt:=<%HBb:r]%f;p%:=:=]M5*:=<%IMy`LMZs;8;<wLK:=E±D=p%iH?A:=<ﬀp%DmpﬀfMsbE^BpﬀZ^pﬀqpI>@D@IKiA:=<ﬀBbDrE^69ﬀE^e
D=pﬀf;FAZ^LM%E\eANIMqp%Z\sbiApﬀB:=8MD@LMiI:=<%IMy`LMZs;8;<%epﬀA]%DÌvr]%BÄ>=D@IMiA:r<%BGD=E\69%E\e;:IMBC>@8;Dr8;Bu
:=pﬀD=BMpﬀiG>@E\B½E^Z\Z
fCLK>=8;Zv=LKB:r<wLMq8;:fM]%iLK>=^D@LK:@LK>%5*:=pﬀD=BMpﬀiG>=]%:~]ﬀ:mI+fCLK>=Z LM:LMZ>JIMZqpﬀfMKIMZ\e;:=>@8K>=> `iA8Mq :=<%IMy`Lg
Z\s;8M<wLM:Z^pﬀApﬀ>=xX;]>=p%:=<ﬀEÎNA8;fKsÄIä:=p[v}>y9p%Z^:rx¯LKZ^Z IK698M>@I½IM<Ë]ﬀD=<ﬀ]%BMp%Z>BM{MD=iGs;pﬀ<%p>@iAp%BÄqp%fKp%Z\p%Z^xbpﬀi
KLMZ>@8;<ﬀ<%8Mi'
5 :@IMDÌv=IM?A<ﬀed]ﬀZ^p%:r<ﬀ>=xdq8b?ApﬀZ^Z
:=<%pﬀDr;pﬀ<%pﬀ>@y9p%iTE^:rqpﬀDr>Ëq]ﬀD=]ﬀ:=EmIK?`IK>=8;B IMZ^IM6uv=LKiÊBM8;Z^Z\]%f;LMBGBgIMZ
p%fKsuu>=>@qmABM{b?u;p,qp%fMbE\<%:=f;LMZ\>@IMqÉI|>=D@IMiA:r<%BGD=E\69%E\eŁ:=<%IMy`LMZs;8;<%LM:=Eb`LMZ^eM<wIK>&`LMZ^eM<wIK>=EGq8M>@bFAq#IKE>%
_Â<%pﬀBI iA]%ALMiGs~%:=H%:=698MiG>@eMZzLMZ\Z^e-D=]ﬀ:=<ﬀf;D@LK8MBmfMsCIMBGD@IMi-vrpﬀZ^Z^pﬀf;<%p>@pﬀ:RE^iu8;D=qLMﬀE\eKÎÌp%Z\?A8;Zf;8M<wLK:=Eup%Zþ
IM?`Ig>@8M>hBM]%69p%:rp%BpﬀZ\;]%fMp%<ﬀiAEÎNÂ69]ﬀZ^?`LKFAZﬂI
W
p%p%?b
W
8;D#`,IMDr?Ïa8b8;6o
WW
a&IMZ^FHZ LK>=p%Drp%:=<>@xË:=<ﬀAD=x;BM]ﬀiG>
`IM:r<%i`LKZ^`IK>=eA15Ł<pﬀZ^p%qEgvrpﬀZ\pﬀZ^?A8MZ\f;8;<%LM:=EupﬀZ IK?`IK>@8MBh:rAZ\sCLKi`IMBm{;:r:=<ﬀp%`IM:r8;iAZ\\>JLK:@I
]ﬀD=?ApﬀBM]%y9p%iIM<%8g
iA8;:r\>@8K>=>@FHB½I:}>JIK>=E^:=<>@E\BgIME\Z^IMfBbE\FAf;DreË:r<wLMqmy`IKipﬀZ^xM8MD=?AFAZ\e+`LMZ\e;<wIg>@ERq8M>=\bFAq8;BgIg>]%:mIM<p%fKs
BM{;DriGs;p%<ﬀpﬀ>=EbvrpﬀZLMZ>JIMZ`y9pﬀ8;ZsCLM:=8MZ\>±pﬀA]%DÌvr]%BZ\E^:}>JLXv=LK>%
W
pﬀZ\>=]%D=BM]ﬀ69p%<>@AB#I>@D=IMiA:r<%BGD=E\69%E^eh:r<wIMyALMZ\s;8g
<wLK:=E,`LKZ^e;<%IK>mq8b?AFAZÓv=IME>%NÂIK<%8;iH8;:=>@8M>r>@FABäIq8b?AFAZ\8;BFHiABM%E\egv=LK>Ł[S
]
½5Ł<IM?`Ig>@8;B½{;:=:r<%p%fKsuXvÆ
>@]ﬀ:=]%Hp%<MNÂD=p%iH?A:=<ﬀp%D=pﬀ<%]%:@]%Ap%<]ﬀ:mqE^iAxM:=]%fM]%iApﬀB½BM8MiG>@Dr8;Z^ZÓv=LMH8;<>=8XKLKyAyAEtqeb?A:r<%p%Drp%BGD=pv=IwKIM:rZ IK>=8M>
>@p>=>@HiAB[!
]

×¦2|¦ MÐA­RµﬂºÞ¿«uÅ«b«â´® ®Ł¹[ºRÅ±²zÅ«b«âßÍ­R¹}ÛR²z¬Â«uÅÂ© ­«HàJ°³Íá Ú¸Å,³ŁªÍ¹}­ÂÐH¾}® ®b²°'ÐH©R°R
²°«u°
QŁpﬀAiAE LKZ\>@FHiABÄ`Ig>@]%BM8MiGsoIMZ\f;8;D=Eþ>@qhFA:=8MBgIK>E^D=LMiGsb\>=8M>=>#]%::=HZ\s;8;<ﬀ8M>=>`LKZ^e;<%IK>@8MBÄLK>=pﬀ?AxÏq8b?AFu
Z^8MBÏIM<ﬀ8;iA8;:r\>@LM:@LMD=IH 5ã:=AZs;8;<%8K>=>#ALMZ^eM<wIK>=Eq8b?AFAZ\8;BgIg>qpﬀf;`IK>@LMD=8M<%eäIMZ^f;8MD=E>=qmFH:8M6H>@E\q#LKZ\E:
6`IMD=IMq]ﬀ>@pﬀD=pﬀE^iApﬀBy9pﬀ%:rZ^]%:rpE\Z^Z\p>=;p~IBM8MD=D=pﬀZ LMZ^IK>@Z\IMiBM8;iG>=D=8;Z\ZpﬀZ^pﬀq<ﬀ]%:rp]ﬀD=?ApﬀBM]%y9p%iÝBM]ﬀ>BM{;<%pﬀZ^>@x
qeb?H:=<%pﬀD=Drp%ZABGE^:=<%LMq\>@8K>=>JIKqTI :=HZ\s;8;<ﬀ8M>=>ÂB;[BGZ^E\BbB69p%D=BK8;Z LMﬀE^e;:LK>JIMZ^IMBGFAZ^LM:1BGD=E>@E^BGFA:698;iC>v=Lg>Í:=u
Z\s;8M<%8M>r>Ł_ÂD=?Ax;:Æ-]%iCsuEÂfMD@LK8;BM8Mi'b<%E\iG>@]ﬀiäIM<LK>rp%?AxALMZ^e;<%IK>@Eq8b?HFAZ^8;B+:rp%f;>@:=]ﬀf;]ﬀMp%ZRBXIM698M>=>
p%Drp%?Aq]%iCs;NHA8MfMsIh:r<%8;q:=<ﬀ]%?H8;:,]%Z\p%B`LMDrq#IM:±E^Z\Z\pﬀ>r;p|i`IMfMs;8MyAy%:r8;698;Dr>v=IME^yAIMiIi`IKfMs]%Z\:=AZs;8;B
6AD=pp%Drp%iAﬀE LMZ\E^:=IMiBgIK69%:=8MZ^eb?Ai`IKBäp%fMsbqLM:=A8M<M5 :=<wIKBGE^D=8b?`IKZ^8;qmy`IKiÝE^:rqpﬀDr>hBM8;D@LMyHyAEﬂp%Drp%?Aq]
iGs;pﬀB:=<ﬀ8;q:=<%]ﬀ?A8;:-]%Z\p%BVpﬀZ^pﬀqmË%:r8;698;Dr>v=IME&p%:=p>@]ﬀiE^Zs;p%iBM8;D=Drp%Z^LM%E\eM>ÍiApﬀq >JIMZ^LMZ>JIKBP<MpﬀZ^pﬀiG>@xM:
q8MZ^pﬀBbFHZ LMDrE\:ﬂyHE^8;Z\e;f;E\IMEzIKZ^BgIKZ^qIK<wLM:,Ihp%H]%Dvrp¿pﬀA]%DÌvrp
BM{;Z\%:={MiA`IK>@LM:=E`LMZ^eM<wIK>=8;BLK>=pﬀ?Ax~q8b?AFHZ
v=IME\i`IMB#IBM8;D=LMyAyAENA:=HZ\s;8;<%IK>@Z^IMiBMpﬀD=pﬀ:=xqeb?A:r<%pﬀD=Apﬀ<BM]ﬀ69p%:}>Ł698;iC>@8;:=IMyAyIM<%8MiA8;:=>JLM:=IŁ[
]

5Í<E\D@LMiCsb\>@8K>=> `LKZ^e;<%IK>@E1q8b?HFAZ^8;B:rp%f;>@:r]%f;];p%Z±IM<E^D=LMiGsb\>=8M>=>-`LMZ\e;<wIg>@8;BgIg>
BM]>%:=8M698;Dr>=y`I
:=8;Dr8;Z>@FABIM:=<ﬀp%DrE^iG>%N&A8;fKs½IK<pﬀfMsbq#LK:=:@IKZ±LK>=pﬀ?Ax+q8b?AFAZ^8MBIM<LK>rp%?A]ﬀ:=p%BGy9x;Z±BGE\pﬀZ^]~E^Z\ZIM<ﬀ8;BGy`I
y9pﬀpﬀZ^]q~Fu>JIK>=i`IMBÄZ^?

LKyAD@ICÝ_Â<IBbHZ^{;iGyA:=]ﬀf>=p%JAiA8MZ^e;f;E^IMEN1BM8;f;iAE>@\9N:=<%8bﬀE LKZ^E^:]%:~q8g
Z^pﬀBGFAZ LMDrE^:~yAE\8;Z^eMf;E\IMEﬂ`LMZ\e;<wIg>@8;BGy`IMi.pﬀfMsCIMD@LKiG>#IM<+E\iH8;Drq#LK%E\eE^Z\Z IMiCsCIMfÝLMD=IMqZ^LK:@LMi`IKBÝp%Z>@]%Drx
E^D=LMiGsCLKD@I#Fu>JIMZ 5¸:=IMDv=IM?H<%e]%Z\p%:r<ﬀ>@x½z%pﬀD=puE\:=E^IMpù|>=D@IMiH:=<%BGDrE^69%E\e:r<wIMyALMZ\s;8M<wLM:rEALMZ^e;<%IK>@LMy`IMi
]%:p%fKs½pﬀZ^p%BC>=D=8;iAE\BGFA:Z\pﬀ;pﬀZ^p%<ﬀ]%:rEtf;D=LKy`IMiäIM<E^D@LKiGsb\>=8M>=>
ALMZ^e;<%IK>@Eq8b?AFHZ^8;BËBGE\p%Z\]E^D@LKiGsbFAZ\eCIMBPN
q\fÍp%fMs>@p%JAiA8MZ^e;fME IMEG]%:pﬀfMshBM8;fMiAE\>=\
`LMZ^eM<wIK>=y`IMimI-q8b?AFAZ\8;B y9pﬀp%Z\]MNCIM<,LK>rp%?AxŁ>JIMD}>@8;qLMiCs;8;B
p%Z\]
qmFH>JIK>=i`IMBP±5T:@IKDv=IM?A<ﬀe]ﬀZ^p%:r<ﬀ>=xp%:=p>@]ﬀiIM<ﬀ8;iA8;:r\>@8K>=>E^D=LMiGsb\>=8M>=>ALMZ^e;<%IK>@E'q8b?AFAZ\8;B#pﬀ:=p>@]%i
S
 1
 2
 3
 4
 5
 6
 7
 8
 9
 0  0.2  0.4  0.6  0.8  1
a
v
g.
 #
 o
f m
od
ul
es
 o
f a
 n
od
e
dout / ( din + dout )
Google’s own pages
word associations
email network
yeast transc. reg.
 1
 2
 3
 0  0.5  1

LMyAD=IH~ç
ú,ëìðÎò	Owû üÎñüü k è éwêìëíéwé îMï}ðÎéñêóòô}ëíõﬀö÷ﬂõXøXöúrï}ðÎðïrêH÷ﬂï
üêﬃêóòêíüòJüý ï=øùßŁëìðÎò	OwûíüñüügòêìõúJüÎëH÷,ñùø Xêìñé
é	}üüÎûíî? Köò	é+ú}ñ	gñﬀöû ü¿òö?
ç
 wûíú=öúrë!%üïröüï#
ï}êï# öú}ïrðïrîXêíß dout/din + dout gò"øùñ%ö'÷ﬂï
÷G ùüJü

?)Xñ	

gòêìõúüï#
	îMñ	%ü

òFéé$î;ôröñﬀêüëé	(ﬀú#PXê&÷ﬂïréwéñððröú éwëí÷,ïXß~éî;ô}öñêﬃJüaErêìøXò	 Xê9ô}öLgô}öîMñ	ﬀü
ô}öééwëíýþï}êÂ÷G ùüüõé$î;ôröñﬀêüüêMðÎï#Køùï}êìéï}úrëíé;)?éwéñﬀð dout/din + dout = 1 )?,ôröéMï

(N ßKrêíêìï}êGðÎï#gøùïrêíéïrú}ëìé;)
é%éñﬀð dout/din + dout = 0 
ç
ý:P?
	
ﬀßêìï#
ï=ö,üÎï#?
ﬀï}êï#ï#
ô}öLgô}öÍ÷ﬂñXø Xê

ëéöúrò÷òJüÍ÷rðüPXé;%'D	
	
ò	XðO,
ç
ﬀüüî.	$yyo 
ñwñ	
êìï	 ôÆñ÷zï#hüðüñ÷ò	O"üêóòêJüÎõŁñﬀêìøêﬃé5Łé	(ﬀúÆüPXé
ý: ùüõ
ëíð¿ò"wû üÎñüüU}êìï}éwéï}ê
%'OwîMï}ðÎêíëXéïré,Rï#
	mñêgòêíõﬀúüñüﬀêíéñüé;)n÷,ïrê!"Mï#MúÍòJüýþï=øùßëìðÎò	Owûíüñüüt÷ﬂñXø XêìñéúÍòJüýþï=øröï}éhýþï}ê
÷G ùüJüé;nHJXï}úöñ	gêíõF)OMïÆýþï}ê1÷G XüJüÎõﬂ÷,ñùø Xêìñé$üzüêìòê ü ?Xé0úB
ñê;öúN $éöÎöú}ñùôÆëóòôÆëìõﬀö9é$î;ôröñﬀêüëíü
÷G ùüJüÎõKòêìõúü	.rv
ë!gøùéÆüPï=öï}üMï#÷rðü`ý:P?

	 	O±ôrö2(ﬀéwéï#XßF)J÷,ï}ðüJ÷,ñùø XêìñéJüm(ﬀöÎöúrï}é	(üÎßîMñﬀüñﬀé+%'ú
òüýþïrø=öïré?,uöñéoMï}ýþï}ê'÷G ùüJüõ% dout/din+dout = 0 ,r=öHéï 	röHéwëíýþï}ê÷ﬀ ùüüõ}êìêíïrêùðïgøùï}êìéï}úXï}é;s%'ëóöAò	Xð,
ç
÷,ñùø XêìñéÂòJüýþïrø=öïrë!Mßﬀêﬀéwëíý ïrê!z÷G XüJüÎõëíð¿ò"%ûíüÎñüüu÷,ñùø? Xêíñﬀé$Jübüêóòêíü ?Xéï
	ï}êìï}é%üðÎñ	Xëìé" göbêíï# ﬀï}êìï}ú#=öëKòêìõúü	
röI,öð

ﬀøùú}õ}êìïröúÆüÎßtüÎð	göú}éwðëìî;ôÆëìõﬂöúKòêñúròöë*gòêíõﬀúJü¿ò	.
ç
úRòXðﬂòJü 	ÆüÎï}ê.<W $Ybî? ?XêìëìéJòô}ëíõMõêZ
:r>@IK>@E\:=<ﬀ>=E^BXIME1>@pﬀ:=<ﬀ>=p%B:rp%f;>@:r]%f;];p%ZRqpﬀf;BMp%Drp%:r>=ABIM<p%fMs;pﬀ:q8b?AFAZ^8MBFHiABM%E\egv=LK>Iq8b?AFAZ\y`IMi
>JIMZ^LMZ\`IK>=ep%A]ﬀDvr]ﬀBä:r<%E^fMiAE\`BXLMiA:BM{;<%{M:hFAiABMﬀE^egv=LK>J+5BGEpÆvrZ^pﬀ:=<>@pﬀ>r>mE\D@LMiCsb\>=8M>=>]%:h:=HZ\s;8;<ﬀ8M>=>
`LMZ\e;<wIg>@E-q8b?AFAZ\BMp%Drp%:=x.qeb?A:=<ﬀp%Drp%Bd:=pﬀf;\>=:=]%fM]ﬀ;pﬀZZ^pﬀApﬀ>=x;:=]ﬀf iGsb\Z^E\B :=AZs;8;<%8K>=>p%A]ﬀDvrp¿pﬀA]%DÌvrp
BM{;Z\%:={MiA`IK>@LM:=EALMZ^e;<%IK>@8MB]ﬀ:
E\D@LMiCsu>@8M>r>~6AZ:=<ﬀE^f;iALMZ>@D@IKiA:=<ﬀ?AFABM%E\e;:JŁ`LMZ^eM<wIK>=8;B+D=]%:r<%Z\pﬀ>=p%:=pﬀyAy
bE^<ﬀ:=fCLMZ^IK>JLKD@I\[
]

 k ¡
(	ﬀ-¢ﬂ	ﬀh!,"h£Õ~Ö#!£$
5ãBGFH>JIg>JLM:rE|E^?AxM:=<wIKB.IMZ^IK>=>IM<2-34 5ã698;:=<>@?A8MBG>=8;D=E|BGFH>JIg>JLM:#LMZ>JIMZ,>@LMq8;fCIK>=8M>r>>=]%qLMy`IMiÄI
698;:=<>@?A8MBG>=8;D=EBGFH>JIg>@e>@LMD=:r:=<%pﬀD=<ﬀx;:=]%fM]ﬀCp%ZÂD=pﬀpﬀD@LMZ> iApﬀq<ﬀpﬀ>=BM{;<%E18;Z\s;e;E\D@Ig>@yAIMiqp%fwvrpﬀZ^pﬀiG>
6
%E\BbB

5
BGFH>JIK>@LM:=EN
1
{;:r:=<%p8;f;Z^IMZ^eCNIMqp%Zs;p%BGiApﬀBäIBGFAqmFHZ IK>=\E\q6`IMBC>IKBC>@8;D@IIM<YbY :=<ﬀp%DrE^iG>
84

_Â<%pﬀBbDrpIÝ%E\BbBMpﬀBGD=pIM<ËY#uYIKZ IM6bv=LMi
2008
vrHiAE^FA:rE^f
141
Af;f;p>@Z\p%i HE\KIK>=BM8;<%LM:]ﬀD=BMpﬀ<%p>=>wÉ5

8b8Mf;Z^p\uJA8MZ IMDmBMp%Drp%:rxÝLMZ\>@IMZ±>JIMZ^LMZ>mAEKIK>=BM8;<wLK:=8;BÝ:=<%LMqI
293
Ý38ùKLMyHyAEIM?`IK>=8;BP
5
BM8;iHp
D=pﬀiA%E^IhpﬀZ^xCIK?`LM:t]%:
4
BM8;iup%D=pﬀiA%E^Ih698;:=<>@p%DﬂiAp%q<%p>@BM{;<ﬀEBM8;iHpﬀD=pﬀiA%E^LMi'N
5
:=<ﬀp%qE^i`LKD=E^FHqE`p%Z\xCIM?ALM:
p%fKs;pﬀ>@pﬀqpﬀBMp%iË]ﬀ:|BGFH>JIg>@e;E\iG>@]ﬀ<%p>@pﬀBby9pﬀi'
57>@LMq8;fCIK>=8M>=>BGFH>JIg>JLM:>@]ﬀq#LXv=LMyAIMiI698;:r<ﬀ>=?A8;BC>@8;DrE&BGFH>@IK>@epﬀfMsq#IKfMsCIMDiGs;pﬀZ\bËE^:rqpﬀD=p>r
>@pﬀDvrp%:r<ﬀ>=xË%E^BGBGiApﬀB½:r<%pﬀD=<%xgvrp;8;Z\>#I
W
E\<%E\BgIMEUu<ﬀp%qZ^]ﬀy9p%iP ]%:pﬀfMs>@8ùKLMyAyHE^i`IMBË>@LMD=:r:=<%pﬀD=<ﬀxKvrpI
¢
IMfKsCIMD3&FA?A8;qLMiCsuyAIMiP

£k ¤
¦¥¨§

¤
hﬂ&/!
01	(&
! &
"h£$,, (&8©
&	«ªKﬀ/+ & 0£,,!ﬂ£!
5Ł<pﬀfMsbH>=>=qmABM{b?A]%:ry9p%iÏ;]%fM<%pﬀ>r>BGFH>JIg>JLM:r8;Bä:=8;D=LMiÏIM<2-34
5698;:=<>@?A8;BC>=8;D=EﬂBGFH>JIg>@e;]ﬀf;p%<>@p
p%ZIBM{ù;pﬀ>=BMp%<%xÝBGFH>JIg>JLM:=E,pﬀZ IM?`Ig>@8;BgIg>w­¬ŁLKZ^e;<%IK>@8MBÝ{;:r:=<%p%LMZ^Z\\>@LM:@II`IK:=<%iALMZ\>{;:=:r<%pﬀ:#`LKZ^e;<%IK>
>@\6AFA:=yAIMi'IM<IK?`IK>@8MBËp%Z\BGFH>JIg>JLM:@IuN!`LMZ^eM<wIK>=8;BËpﬀZ^BM]ﬀ:=<%>@]ﬀ:=p#IiCs;p%D=:IM?`IK>=8;BGy9e;ZÎN!IMFH>=8;qIK>@E\<wLKZ>
p%Z\?A8;Z\f;8;<%LM:U[
æ
N

NXSHNuNF
]
5.q8;Z\p%BGFAZ^LMD=E:yAE\8;Z^eMf;E^IKEM`LMZ\e;<wIK>=8;BGy`IMi
pﬀA]%DÌvrptiAp;p%BIMFH>=8;qIK>@E\<wLKZ>
LK>JIKZ IMBG>JLK:@I+IËqp%fKp%Z^pﬀZ^x+iA]½>@^6HFA:=D=Iu[
æ
N

N&SAN9
]
®]%:r<ﬀ;]ﬀ>=p%Z,IËq8b?AFAZ\BMp%Drp%:=xIMZ\f;8;D=Eþ>@qhFA:=8MB
BGE\p[vrZ^p%:r<ﬀ>=]%:=]ﬀy9p%i¯[
æ
NUuNﬀ
]
NﬂI½BMpﬀD=pﬀ:=xIMZ^fM8;D=E>=qmFH:=8;BIKZ^BgIKZ^qIK<wLM:=IME\i`IMBäBGE^?H8;Z^fM8;<wLM:=I]%:I½:r<wLg
q>@eMf;]%69pﬀ:6AD=8Mf;D@IMqmyAIMiÄqp%fM^D}>#IMZ\f;8;D=E>=qhFA:=8;B`IM:=<ﬀi`LMZ^IK>JIäBGAZ\{;iby9{M<%x`LKZ^e;<%IK>>@\6AFA:=8MBbyAIMi
[

NuSHNuNn
]

W
p%A]ﬀDvrpŁ%:r8;698;Dr>=8;BZ\p%fwvrp%Z\p%iC>@x;:rp%yAyBK{;<%{;:tFAiABMﬀE^egv=LK>ﬂqp%fM>@IMZ LKZ\e:r>@IK>@E\:=<>@E^BXIMEP>=p%:r<
>@pﬀB.p%Z\;]ﬀf;<ﬀ]%:=p«[ SHN

N
]
NqIgvr? p%<IMZ IK6uv=LMi.pﬀA]%DÌvrpËFAiHBM%E\e+vre;:=Z^LM:]ﬀ:BM8;D=LMyAy`IKidE\:=qp%Drpﬀ>@Z\p%i
p%Z^IM?`IK>=8M> ;]ﬀf;<%x+pﬀA]%DÌvrpﬀ:=8;698MDr>@8MBp%Z\x;DrpÆvrp%Z\<%]ﬀ:=p°[
F]
±|]ﬀ:=<ﬀ;]>@p%ZtIM<p%Drp%?Aq]%iCs;p%B:r>@IK>@E\:=<>@E^BGFA:
`<ﬀE^BgIME']ﬀDr>@pﬀZ^qp%<ﬀ]%:r]%y9p%i]%:q8b?Hp%Z^Z\pﬀ<%]%:r]%y9pﬀiu[
æ
N

NASANmuN@
]
Â5Ł<
E\D@LMiCsu>@8M>r>
k
[BGZ\E^BGB69p%DrBM8;Z LK%E^eM:
LK>JIKZ IMBGFAZ^LM:R698;iC>v=LMiAIMBiGFAqpﬀD=E\BbFH:tBbE\:=<%LMq\>JLK:@IO1IMZ^Z^Il p%D=fMp%Z\Z\s;p%Z`BM{;<ﬀ{;:=pﬀi[!
]
5 :=HZ\s;8;<ﬀ8M>=>
k

BGZ^E\BbB%:r8;698;Dr>=8;:=FAZ^LM:=8MB69pﬀD=BM8;Z^LM%E\e;:BGA:r<%{;y9]ﬀiAp%BBM{;<ﬀp%Z\\>@x~:r<wLMq\>@LM:@ImBM]ﬀ>r]%Z\pIMi`IMZ\E\>=E\BGFA:,qeb?u
:=<ﬀp%D=Drp%Z0[!
]
l²ŁyAD=LMBËBM]ﬀ:=<ﬀ\>@]ﬀ:=p]%: BM]%<ﬀE^D@Ig>@8;B^D=LM:@IuN':r<%p%DrBMp%:=<ﬀ>=]%:@p°[
æ
N

NyuNSHNyuNy
]
5Ł<2-34 5
698;:=<>@?A8MBG>=8;D=EBGFH>JIg>@eIŁ[

NJuN@
]
6ADr8KvrpﬀBC>@p%BGy9pﬀiI~BGFH>JIK>@LM:BM{;<%{M:|BMp%<ﬀ?Apﬀq]ﬀiGs;p%<%xgvrp;8;Z>w
³
	"  !
[
æ]
O1IMZ^Z^I´~N±QŁp%Dr]%iGsbEŁYJN
W
IMD=BgIK:YJNUµ-E\%:=pﬀB.3 ﬀ¶|iA%8ù;p%DrE^iAfä>@HpË8ù;p%DrZ IM6A6HE^iAf½%8;qqmFAiAE>Æs
:r>@DrFAﬀ>=FAD=p-8M!ﬀ8;q6HZ^piAp>-`t8;D=BG:E^i#i`IK>=FAD=p-IMiA?:=8b%E\pﬀ>[s;J·>¸*¹2ºr»N¼ﬀ½R¾@¿'NHU
æ
SK[U
æ
U#ÎV*À*ÀÁ;
[ìV
]
HIMZ'`E^iA:rBbEaÂN
¢
E^Z\Z^pﬀD^¨zNﬀbqE>@Ï5ÂHNROpﬀ>r>@E\>
W
4~NRcﬂ8`E^p°´¶NR_RE\:=pﬀiby9pﬀD=fÝQhR3Ap
Q-IK>JIKy`IM:rp8M Y[iG>=p%D=IMﬀ>=E^iAfOÂD=8M>=p%E\iA:%½V*À;ÀMSäFA69?`IK>=pM0·<ºJÃ	Ä'ÅQÆ<Ã	Ç2ÈÉŁÊQ¼$ÉOÅK¾JËNQ-Ig>JIMy`IK:=p
E^:r:=FApKtQÍS;SÁÌg-
æ
V*À;ÀMSC
[
]
5?AIMqﬀ:=pﬀBÄcÍNﬂO1IMZ\Z I´~N
W
IMD=BXIM:#YMHNtQŁp%Dr]%iCsuEŁYJNGµŁE^ﬀ:=pﬀB 3-K^
W
E^iH?Ap%Dﬀa!8b%IK>@E\iAfä%Z\E
Í
FAp%:ÂIMiH?m8ù;p%D=Z^IM6A6AE\iAfÍq8b?AFAZ^pﬀ:E\ihyAE\8;Z\8;f;EwIKZCiApﬀ>=`ﬂ8;DrBb:ﬀÎ0ÇÏÇ7Ð"Ñ"Ï»ÒM¸*¹ÇÃ$ÉIËJË'N
æ
ÀCV
æ

æ
À;V

ÎV*À*À;C
[ S
]
W
IMD=BXIM:ÂYBHNFÓäF±^ŁN.^ﬂAp%iHibFAyAH8M>@Z^Il^ŁN;c,IM`IMDYJNC2-Z\>=gIMEnÔŁ;3&8;698;Z\8;f;E\wIMZby`IK:=E^:8M9:=E\f;i`IMZ
E^iC>@p%fMD@IK>=E^8MiËE\iË>@Ap>@D@IKiA:=ﬀD=E^6u>@E^8Mi`IMZþ¿D=pﬀf;FAZ^Ig>@8MDrsiAp>-`t8;D=B8MÂ>@Hphs;pwIM:}>wNIHIMﬀAIMD=8;qhsb%pﬀ:
%pﬀD=pﬀbE\:=E IKpMsÎKÕÖ×Î0ÇÏÇ7Ð"Ñ"Ï»Ò±¸*¹2ÇÃ$ÉØNAS.MU+V*À;À;C
[
]
W
IMD=BXIM:,YﬀHNAcﬂpﬀf±Ù74~NA2 Z>=KIKE&ÔÚA_1u6AZ^8;DrE^iAf>@D=IMiA:=ﬀD=E\6H>@E\8;i`IMZ9Drp%f;FHZ IK>=8;DrsiAp>-`ﬂ8MD=BG:E\i
>@Apﬂ`ﬂ8MD=q+oÖﬀ¼	Ä7ÄRÛrËJ¿'N
æ
À

VX
æ
À

SV*À;À;;AORDrpﬀbE\p`ÉIMDr>=E^%Z\pM
[!
]
O1IMZ^Z^I8N
W
IMDrBgIM:YBHN;O8;Z\Z^iApﬀDO&NCQŁpﬀD=]ﬀiGsbE`YJNFµ-E^ﬀ:=pﬀBh3 CQÍE^D=pﬀﬀ>=p%?iAp>-`ﬂ8MD=Bhq8b?AFAZ\p%:%.·5¼	Ü
Ý
ÅDÞGßàÉOÅRá'N
æ
U;+ÎVFÀ;ÀÁ;
[
]
W
IMD=BXIM:ŁYQHN95Ły9p%Z1QhNO1IMZ\Z I±Nmµ-E^ﬀ:=pﬀB3 @ÓäpﬀE^f;C>@p%?ËiApﬀ>=`ﬂ8;DrBq8b?AFAZ\p%:ﬀy·l¼	Ü
Ý
ÅÞUßàÉOÅ
áN
æ
U;À+V*À;À;;

